DEVELOPMENT of a satisfactory method for quantifying left ventricular chamber volumes in man has provided an opportunity to assess changes of volume that occur as a result of diseases of the aortic and mitral valves.1-3 These studies provide data concerning the relationships among chamber volume, stroke volume, and filling pressure of the left ventricle in patients with valvular heart disease.
DEVELOPMENT of a satisfactory method for quantifying left ventricular chamber volumes in man has provided an opportunity to assess changes of volume that occur as a result of diseases of the aortic and mitral valves.1-3 These studies provide data concerning the relationships among chamber volume, stroke volume, and filling pressure of the left ventricle in patients with valvular heart disease.
Materials and Methods Data were analyzed from 86 patients with aortic and mitral valve disease who were studied at the Seattle Veterans' Administration Hospital or at the University of Washington Hospital. In 81 cases the valve lesions were secondary to rheumatic endocarditis; in the others they were due to healed bacterial endocarditis (two cases), aortic regurgitation secondary to cystic medionecrosis of the aorta (two cases), and congenital aortic valve disease (one patient). Sixty-four were men and 22 women; ages ranged from 25 to 65 years.
For this analysis, the valvular lesions were subdivided according to the final interpretation of all the available clinical and laboratory data into two groups: predominant aortic and predominant mitral valve disease. These major categories were subdivided arbitrarily on the basis of the volume of valvular regurgitation per heart beat, as determined by the angiocardiographic method, where "lminimal" indicated 0 to 20 ml., "moderate" 21 to 50 ml., and "marked" greater than 50 ml. of regurgitant flow per heart beat.
Left All three groups of patients with aortic valve disease had larger ventricular volumes than the corresponding groups of patients with mitral disease. Whether this represented primarily myocardial failure or the combined effects of aortic stenosis and regurgitation could not be determined from these data.
Discussion
There was marked variance in angiocardiographic volume measurements within each group. This is not surprising, since the patients had disease of varying severity and duration. Correction of the derived volumes for differences in body surface area did not reduce the variance.
End-systolic volumes varied directly with end-diastolic volumes (R +0.86) when data from all patients were considered ( fig. 2) . In a few subjects with minimal regurgitant flow, there was little or no elevation of end-diastolic volume, and the left ventricle appeared to maintain a large stroke volume by functioning with a small end-systolic volume. End-systolic volume averaged 45 per cent and stroke volume 55 per cent of the end-diastolic volume. The increased end-systolic volumes observed with increased end-diastolic volumes may be a manifestation of left ventricular failure. This increase of end-diastolic and end-systolic volume, however, might also be a consequence of the large values for left ventricular stroke volume resulting from the valvular insufficiency per se. The latter is suggested by the studies of Hlolt et al.,4 who fouind a linear relationship between end-diastolic volume and end-systolic volume in different species of animals that ranged in body size from 15.5 to 836 Kg. and had end-diastolic volumes from 44 to 1794 ml.; end-systolic volume averaged 57 per cent and stroke volume 43 per cent of the enddiastolic volume over the entire range of volumes. If these volume relationships are applicable to normal mani, then the observations in our patients with valvular heart disease indicate a relatively greater systolic emptying with respect to end-diastolic volume. It is possible, however, that the differences in volume relationships noted in the present study and those described by Holt et al. 4 are due to differences in the methods for determining volumes. A comparison of left ventricular volumes in dogs determined by the indicator-dilution and angiocardiographic technics showed good agreement for stroke volumes, but significant and consistent differences of end-diastolic volumes.5 Since only the angiocardiographic method gave values for volume that showed good agreement with measured volumes of chamber casts, volumes estimated by the indicator-dilution method were interpreted to be erroneously large.
Total left ventricular stroke volume was proportional to end-diastolic volume ( fig. 3 ). Yet there was some scatter, as shown by patients with a total stroke volume that was normal or small despite a considerably elevated enddiastolic volume. These patients probably demonstrated left ventricular dilatation resultant from myocardial failure, rather than enlargement related primarily to valvular regurgitation. Figure 4 illustrates the lack of relation between total stroke volume and end-diastolic pressure. The relationships between left ventricular stroke volume and diastolic volume and pressure indicate that in patients with valvular heart disease the level of total left ventricular stroke volume is more closely correlated with end-diastolic volume than with diastolic filling pressure.
Patients with end-diastolic pressures of 10 mm. Hg or less had end-diastolic volumes ranging from 75 to 430 ml., essentially over the entire range of diastolic volumes observed ( fig. 5 ). These data demonstrate marked differences in pressure-volume relationships of the diastolic left ventricle of patients with chronic valvular heart disease. In general, for any given end-diastolic volume the end-diastolic pressure was higher in patients with aortic valve disease than it was in patients with mitral valve disease. 
Summary

